Background: Women of advanced age (40 years or older) are generally, at risk for pregnancy and delivery related problems. In addition, there is limited knowledge on being of advanced age and having been given Assisted Reproductive Treatment (ART) and its association with negative obstetric outcomes. Therefore, data from the Swedish Medical Birth Register was used to investigate pregnancy and neonatal outcomes for women aged 40 or more who had given birth. The secondary aim was to compare the obstetric outcomes of women who had used ART and women who had not undergone ART while adjusting for marital status across the age groups. Method: Women of advanced age who had given birth in Sweden during 2007-2012 formed the index group, n = 37,558; a reference group of women comprised 71,472 women under the age of 40. An additional subgroup of women aged 45 or older when giving birth was also formed, n = 2229. The obstetric and neonatal data for all the women was derived from national register data.
Background
During the past three decades there has been an increase in the percentage of women in the Western world who delay childbirth [1, 2] . The percentage of women over 40 and even 45 years of age, who have given birth, has been increasing steadily. In Sweden, the percentage of women who are childless until they are 35 years or older has increased four-fold between 1984 and 2014 [3, 4] ; during the same period the number of first-time mothers over 40 years of age increased from 170 to 1199, i.e. a seven-fold increase [3] . The use of assisted reproductive technology (ART) in the form of gamete donation, embryo donation and In Vitro Fertilization (IVF), is an available choice in many countries and the possibilities for older women to become pregnant and to form a family have therefore become greater.
Women giving birth at an advanced age, defined as age 40 or older, are at an increased risk of complications during pregnancy and delivery, such as gestational diabetes and preeclampsia, compared to younger women [5] . They are also more prone to having children with a low or high birth weight [6] , a caesarean delivery compared to younger women [7] . Moreover, their children are more often born moderately or very preterm, small for gestational age (SGA), with low Apgar scores, exhibiting fetal distress and even fetal and neonatal death [5, [7] [8] [9] [10] [11] [12] . The risks associated with pregnancy and delivery in women of advanced age tend to remain higher than for younger women even after adjusting for socio-demographic factors [7] .
In Sweden, couples and single women can use ART to conceive, several different options are available including IVF with their own gametes or oocyte−/sperm-donation, until the age of 42. Embryo donation was prohibited until the end of 2018 and treatment of single women has only recently been allowed [13] . Because of these restrictions, some Swedish women and couples have travelled abroad to have embryo-, oocyte-and/or sperm-donation. We have little knowledge about pregnancy and delivery outcomes for older Swedish women, those who are aged 40 or older and have received ART. In Sweden most IVF clinics do not provide ART for this group of women, so many women in this group who have used ART have done so outside of Sweden. However, several studies have shown that increasing maternal age as well as being single increases the risk for adverse pregnancy and delivery outcomes [14] [15] [16] . Also, using ART to achieve pregnancy has been shown to increase the risk for adverse pregnancy and delivery outcomes [15] . Thus, one can hypothesize that using ART to achieve pregnancy for older single woman may impose even greater risks for adverse outcomes.
Thus, the primary aim of this study was to investigate pregnancy and neonatal outcomes for women of advanced age. The secondary aim was to compare the obstetric outcomes of women who had used ART and women who had not used ART while adjusting for marital status across the age groups.
Methods
This study was designed as a case control study where data were obtained from the Medical Birth Register (MBR). As there is evidence in the literature that women at or over 40 years of age constitute an obstetric risk group, we chose this age cut-off for defining women of advanced age. Women 40 years of age or older who gave birth in Sweden between 2007 and 2013 formed the index group, n = 37,558. This group was compared to a matched control group of women under the age of 40 who also gave birth during the same time period, n = 71,472. The matching criteria were parity and year of birth. A subgroup of women aged 45 years or older when they gave birth was also formed, n = 2229 (of 37,558, 5.9%). The only exclusion criterion for this study was that none of the index women could serve as a control to themselves.
The Swedish medical birth register
The Swedish Medical Birth Register (MBR) is held by the Swedish National Board and Health and Welfare and contains medical information on practically all deliveries in Sweden from 1973 until the present [17] .
Measures
This study used several different measures that can be divided into three main categories: socio-demographic and medical data (including civil status, employment, tobacco use, BMI, chronic illness, parity, and use of ART), pregnancy and delivery data (pre-eclampsia/eclampsia, 
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Results
The older the women were the more likely they were to have been single at the time of the child's birth. Women between 40 and 44 years of age were 50% more likely to be single, while women aged 45 years or more were twice as likely to be single compared to women younger than 40. Women of advanced age were also more likely to be overweight or obese, and to have conceived using ART, Table 2 . Moreover, the likelihood for having either pre-eclampsia/eclampsia or gestational diabetes increased with the mother's age when giving birth, Table 2 . Also, with increasing age the proportion of women having an elective caesarean section increased from 7.5% among the youngest (below 40 years of age) to 20.4% among the oldest (45 years or older), Table 3 .
Having a child born either preterm or very preterm was close to being twice as likely among women aged 45 or more compared to women below the age of 40, Table 4 . Women of advanced age were also twice as likely to deliver a twin or a child with low or very low birthweight. Moreover, the oldest mothers were also at a significantly higher risk for delivering a child with low Apgar, at 5 and 10 min, a child who was not well as a neonate, and to have children more likely to die within the first four weeks after delivery, Table 4 . Data were further stratified by method of conception, in order to investigate the differences in birth characteristics and civil status in relation to age when becoming a mother in each of these groups. The analysis showed that in both groups (ART and spontaneous pregnancy) women of advanced age were more prone to be single, delivering a child preterm or with low birthweight as well as an SGA child, compared to women younger than 40 (Table 5) . Furthermore, the multiple logistic regression, where data was stratified by age, it was found that women who had used ART to achieve pregnancy were more likely to be single, and to give birth to a preterm child in all age groups. Moreover, women of advanced age had an increased likelihood of delivering a very preterm child ( Table 6) .
The multivariate analyses (covariates included were civil status, method of conception, mother's BMI in early pregnancy, and mother's age when giving birth) revealed that being single or underweight, having an ART treatment, and being older were all factors negatively related to birthweight, child's length at birth as well as gestational age ( Table 7 ). In the multiple Appropriate for gestational age 6 Small for gestational age 7 Large for gestational age logistic regression models of pregnancy and delivery complications women of a higher age and BMI were found to have an increased odds ratio for hypertensive disease during pregnancy, gestational diabetes, pre-eclampsia/eclampsia, and having a child with registered health problems during the neonatal period ( Table 7) . Alternative multivariate models where twinning of the child was excluded were also considered. However, since twins are often born preterm and/or with a lower birth weight and that older women are more likely to have undergone an ART-treatment to achieve a pregnancy, which in itself is considered a risk factor for twinning, low birthweight, and prematurity, it was decided to keep the variable twinning in the final models. In a sub-group analysis of multiparous women, the findings of increased the risks for negative pregnancy and delivery outcomes among older women where verified (data not shown).
Discussion
The results reveal that women of advanced age were more often single, had used ART, and had adverse obstetric outcomes more often than did younger women. The neonates born to women of advanced age were more likely to have health problems including being underweight or SGA, having lower a Apgar, and having other additional health problems during the first week. The strength of the study is the availability of register data on all the women who gave birth in Sweden during the study period and medical data that were reported in a standardized form, thus minimizing recall bias. One limitation in this study is that we had no information about the ART method used. It might be that for single women of relatively advanced age the use of embryo donation is the method used, whereas for cohabiting women of advanced age it might be more likely that they had used their partner's sperm and an oocyte donation. In the MBR register there are also limited data on the women's health status. ART treatment may have been underreported in all study groups; we have not been able to control for this through examination of registers on IVF pregnancies done in Sweden. Also, among women who have received treatment abroad underreporting is likely since there was no obligation to report ART to the midwife and obstetricians in the antenatal setting.
Our results correspond with results from other studies on older women's health status and obstetric outcomes [7, 10, 12] . The reason for these outcomes might be multifactorial. One important factor might be the use of ART and the other factor the woman's biological age. The woman's fecundity clearly decreases with increasing age, generally more noticeably a few years after age 30, to cease about 10 years before menopause [18] .
There is only limited information on the use of ART for women in advanced age groups and the information is often available only through case reports in which there is no information on the specific technique used [19] .
The risks for the mother and the neonate with gamete donation and embryo donation are not fully understood and have not yet been thoroughly investigated. There seems to be a consensus that the risk for women to have pregnancy complications such as preeclampsia and bleeding and the risk for the neonate to be born prematurely or with low birth weight is of considerable importance [20, 21] . Having premature and small for Table 5 b Logistic regression, adjusted for all variables in Table 5 gestational children might also affect the mother and family mentally, as well as economically and socially, both in long-term as well as in short-term [22, 23] .
For women who have given birth at a relatively advanced age there is still no consensus in the medical literature on the specific age or age range when the risk elevates significantly; some claim that only after 40 years of age there are risk of clinical significance but others report that the risk is already clinically significant at 35 years [24, 25] . In a Norwegian cohort of over 40,000 women who all answered a questionnaire at around gestational week 17, the authors found that women older than 38 years experienced problems related to physical aging including hypertension, back and shoulder problems, and diabetes. Furthermore, these women were more likely to have mental health problems than younger women [26] .
Women in general might not be aware of obstetric and delivery risks for older women, and women who seek treatment abroad with ART and with donated gametes might be especially optimistic. It also seems possible that society at large and some medical practitioners tend to be overly affirmative in an effort not to discriminate against older women. This may even be true of personnel at clinics offering treatment. For women treated in other settings, for example abroad in private clinics, there may be age limits different from those in Sweden or even no age limits at all. There are other risks related to ART treatment in women of advanced age who have been treated abroad such as undetected illnesses both mental and physical, since not all clinics have access to medical records and thus have a limited medical history or have access to complete medical history and ongoing illnesses. Some women may themselves be unaware of the consequences or may want to have a child no matter what risks.
The women who were single when giving birth seem to represent a group of women that have more medical problems during pregnancy and delivery than women who are not single. The findings in this study indicate that women who are of very advanced age (above 45 years of age), single and had used ART are most likely to be women who have gone abroad to have their treatment since they cannot be treated in Sweden.
The increased risks for older women giving birth have important clinical implications and professionals need to be fully aware of the risks they expose the older women to by letting them go through ART. For children who were born preterm and SGA there may be future long-term health problems that will require medical attention and care. The development and needs of children born in families where the parents are of advanced age have not yet been well studied.
Conclusions
In conclusion, the results from this study show that there is a substantial need to inform older, as well as younger, women about reproductive issues. This includes guidelines, both in general and in clinical practices, on becoming pregnant and whether to use or not to use ART. Women who are in the later stages of their reproductive life are at great risk for having children who are preterm and SGA. This may have long-term consequences not only for the children but also for the mothers. IVF clinics need to show a great medical awareness when offering older women treatment with their own gametes and with donated sperm and oocytes.
Society must also be more aware of the risks and to be more willing to discuss reproductive problems associated with advanced maternal age. For women and children, the need for future care is also a medical and societal matter that needs to be given more attention so that approaches are developed to serve these families both in the long as well as the short term.
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